In the summer of 2007 the U.S. economy began to deteriorate, once the Lehman Brothers episode unraveled, despite numerous government interventions, U.S.A. and the European Union entered the recession. This study uses Markov chains to study the effects of the global economic crisis on European Union member states, taking into account the aspect of convergence. The first stage of the analysis is based on the indicator GDP/capita and we came to the conclusion that it cannot provide a comprehensive understanding of the crisis. This led to extending the analysis by including the following terms: Corruption Perceptions Index, Index of Economic Freedom, the government's external debt and FDI. Results of the analysis showed that the real growth was higher than the estimates made. Markov chain analysis also proved to be effective in revealing the trend of probability of belonging to groups meaning it can estimate a good trend for considered variables. European economic convergence has suffered from the economic crisis especially in financial terms.
Introduction
In the economic literature, the term convergence (and his antonym, divergence) has a common use and occupies a central role in describing the evolution of various systems or economic entities, in relation to the medium or the more successful entities. The study of convergence describes the way in which various factors and economic, social and political mechanisms act or compete for the diminishing of differences or delays between these entities. The study of convergence represents the attempt of leveling the economic, social, monetary, financial and performance indicators, the assurance of reducing the gaps between the levels of development, the assurance of monetary and financial stability in all countries, as well as reducing the gap or reaching a level of compatibility between institutional and administrative structures and mechanisms of different countries/regions..
Since its first steps the European Union has been faced with gaps of convergence. These differences have widened considerably in the context of the global economic crisis, leading to dramatic ruptures regarding the development of real economy (GDP per capita and other level indicators) between developed and emerging countries. Since currently there are a variety of approaches and studies of cohesion and a high diversity of computational methodologies, we aim to present this introductory material regarding cohesion within the UE using Markov chains.
Markov Chains
In mathematics, a Markov process or a Markov chain is a stochastic process which has the property that, given its present state, future states are independent of the past. The current status of such a process holds all information about the whole evolution process.
A Markov chain is a multistage experiment consisting of a sequence of trials in which the state, or outcome, of each trial depends on the state of the trial that immediately precedes it. The goal in a typical problem involving Markov chain is to compute the probability that the system will be in a particular state at a specified time. For a Markov chain with m states, the transition matrix P is the m x n matrix in which the entry p ij is the probability of going from state i to state j in one step.
A finite Markov chain is a process which moves among the elements of a finite set Ω in the following manner: when at x∈Ω, the next position is chosen according to a fixed probability distribution P(x, •). A discrete time process {X n , n = 0, 1, 2...} with discrete state space X n ϵ {0, 1, 2,. . .} is a Markov chain if it has the Markov property:
Equation (1), often called the Markov property, means that the conditional probability of transition from state i to state j is the same, no matter what sequence x 0 , x 1 ... x t−1 of states precedes the current state x. This is exactly why the | Ω | × | Ω | matrix P suffices to describe the transitions. The Markov property is common in probability models because, by assumption, one supposes that the important variables for the system being modeled are all included in the state space. We consider homogeneous Markov chains for which:
( 2 ) We define 
Generalizing this calculation:
The matrix power n ii P gives the n-step transition probabilities.
Classification of states:
State j is accessible from i if > 0 for some k≥0. The transition matrix can be represented as a directed graph with arrows corresponding to positive one-step transition probabilities j is accessible from i if there is a path from i to j. For example: I and j communicate if they are accessible from each other. This is written i ↔ j, and is an equivalence relation, meaning that
World Economic Crisis in the European Union based on GDP/capita using Markov Chains
In the first phase we analysed GDP/capita in EU27 1995-2007. The final transition matrix (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) is shown in the following table. There were used a number of eight intervals, calculated using the Sturges formula (k= (x maxx min )/ (1+3,322logN)). We can observe that in figure 2, EU27 real group affiliation is dramatically different from the predicted one. For example, using Markov chains prediction we can state that 34% of the EU countries, those that belong in G1, have a GDP/capita between [800-10450] euros, whereas in reality only 14.8% belong there. These differences continue to manifest in all the groups, showing how hard it can be to predict during a crisis and how it can affect convergence between EU members. It should be noted that in the graph for 2011 there is a similar trend across groups. There still are differences between predictions and reality, but the predictions for EU27 in 2012 show a relatively evenly distributed number of countries in the first four groups.
Given the major differences between actual and forecast data we continued our analysis with other indicators relevant to the effects of the crisis on economic convergence and cohesion. These new indicators were studied for the 2000-2010 interval.
Markov analysis based on the Corruption Perceptions Index
The first variable considered is the corruption perception index. The CPI index is a ranking of countries according to the extent to which corruption is believed to exist. It shows the level of transparency and it's generally sensitive to economic changes, domestic or global.
Although the trend is similar, in Figure 6 , we can see that the values suffer changes in the first years of crisis. Imbalance led to countries transitioning into lower groups with lower index values. This indicates a potent and growing presence of corruption in the European Union Tables 5 and 6 indicates a problem in terms of corruption today. Although one would expect a constant evolution based on predictions, corruption levels continue to fluctuate, increasing divergences between states. G1  G2  G3  G4  G5  G6  G7 
Real percentages

Markov Analysis based on the Economic Freedom Index
The link between economic freedom and prosperity is obvious when it comes to the Economic Freedom Index. In the first years of this study (Table 7) , the evolution of EFI had a similar trend in both the case of the predictions and the real percentages. Groups 4, 5 and 6 contain most of the states with an aggregate percentage of 62-68%. For this indicator we can say that the notion of European convergence and cohesion is a fact. In 2011, 2012 (Table 8) we can see a trend similarity between predicted and actual percentages but also there is a smooth transition occurring towards higher groups. 
Markov analysis based on government gross external debt
In the current economic situation, external debt as a percentage of GDP can be of extreme relevance in decomposing effects of the crisis on economic convergence. In Figure 7 we clearly see the effectiveness of Markov chains in appreciating the evolution of a trend. As with other indicators actual percentages exceed those predicted but the trend is correct. From an economic point of view, real data shows evidence of states migrating in superior groups with larger external debt. This has contributed to the economic downturn by increasing government debt. In 2011 there is a shift from G5 to G6, which shows that countries with considerable debt have increased it even further. 
Markov analysis based of Foreign Direct Investments
This index is the basis for many states, especially European ones, coming out of the crisis or maintaining stability. FDI are defined as being the net entry investments of a foreign entity in the economy of the respective country. In this study FDI have been expressed as a percentage in relation to the GDP. The values start from -10%, which represent higher exits than entries in investments, and can reach up to an amazing 172% in the case of Luxemburg. Regarding the probabilities which give its group, the estimated ones show the same trend as the real ones, with a higher real concentration in the group with the lowest FDI level. The situation is the same for 2011. 
Conclusions
This paper has highlighted the effect of the economic crisis on EU27, in the context of economic convergence and cohesion. One of the objectives was a review of convergence in terms of GDP/capita. Another objective was to show the limited capacity when it comes to measuring discrepancies between EU member states. Preliminary results have shown that the analysis based on GDP/capita is not sufficient so other indicators were included in this analysis.
With all the indicators it has been observed that the analysis with the help of Markov chains is reliable with regards to the trend identification, but incapable to give a clear estimate of group affiliation. Furthermore, with all the factors considered we can still notice the active existence of the crisis effects which contribute to the continuous increase in divergence between the EU27 states.
A positive surprise is the economic freedom index showing a concentration of values, which implies a stronger convergence in this area and also, we can see that it was minimally affected by the crisis. It should however be noted that no relevant conclusions can be drawn about convergence policy in EU. For this and for explaining the present crisis, the analysis should be developed to include more variables in a broader econometric analysis.
